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DATA COMMUNICATION METHOD , ELECTRONIC APPARATUS, AND 
PHYSICAL -LAYER -CONTROL INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a communication 
interface in which a data- transmission rate (hereinafter 
referred to as a "data rate") is variable and a cable to be 
used is defined as in a communication interface based on the 
IEEE 13 94 standard, and in particular, to a technique for 
performing data communication with multi-purpose cables such 
as optical- fiber cables, UTP (unshielded twisted pair) 
cables and STP (shielded twisted pair) cables. 

2 . Description of the Related Art 

A system in which electronic apparatuses such as a 
digital-video tape recorder, a digital television receiver, 
and a personal computer are connected by the IEEE 1394 
(hereinafter referred to as the u 1394") serial bus, and a 
digital-video signal, a digital-audio signal, a control 
signal and so forth are communicated among the electronic 
apparatuses is considered. 

In the cable connecting the adjacent apparatuses in 
this system there are provided two pairs of twisted pair 
cables. One pair of cables is used to transmit data, while 
another pair of cables is used to transmit strobes. The 



data is coded by the DS (data strobe) coding method, and is 
transmitted . 

In addition, a Tp bias signal is output to the one pair 
of twisted pair cables. When the Tp bias signal is detected 
by one apparatus connected by the 13 94 cable, the apparatus 
having detected the bias signal become aware of its being 
connected to another apparatus, and resets the bus. When 
the bus has been reset, physical addresses are automatically 
assigned to the respective apparatuses. When a digital- 
video signal or the like is transmitted, transmission of the 
signal is started after performing acquisition of a 
necessary band and channel. 

A signal for notifying another apparatus of one 
apparatus's data rate is transmitted to the other pair of 
twisted pair cables. The apparatuses directly connected by 
the twisted pair cables are capable of knowing each other's 
data rate. 

As described above, conventionally, a cable defined by 
the 1394 (hereinafter referred to as a n 1394 cable") is 
needed to realize communication via the 13 94 serial bus 
(hereinafter referred to as the "1394 communication"). 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
problems, and an object thereof is to provide a data 
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communication method, an electronic apparatus and an 
integrated circuit in which the multi-purpose usability of 
the 13 94 interface can be expanded by using multi-purpose 
cables for use in a communication interface in which a data 
rate is variable and a cable to be used is defined as in the 
13 94 communication interface. 

To this end, according to an aspect of the present 
invention, the foregoing object has been achieved through 
provision of a data communication method in which a 
plurality of electronic apparatuses provided with a 
communication interface based on the IEEE 1394 standard are 
connected by at least one type of cable among optical-fiber 
cables, unshielded- twisted pair (UTP) cables or shielded- 
twisted pair (STP) cables, and communication is performed 
among the electronic apparatuses . 

The 13 94 communication can perform communication at 
S100, S200, S400, S800, S1600 and S3200, and perform 
communication at a higher speed in the future. When the 
1394 communication is performed with the optical-fiber 
cable, the UTP cable and the STP cable, bits being not used 
at a low data rate to transfer data in a data packet to be 
transmitted are arranged on a data stream so as to be 
adapted for high-speed communication. 

Data-rate transfer realized with identical-phase 
signals in the conventional 1394 communication is realized 



by sending predetermined speed- control symbols when the 
optical- fiber cable, the UTP cable and the STP cable are 
used. 

In the data communication method an effect equivalent 
to that of a bias signal , defined in the IEEE 1394 standard , 
to be supplied to the cables is realized by sending 
predetermined control symbols . 

According to another aspect of the present invention, 
the foregoing object has been achieved through provision of 
an electronic apparatus provided with a terminal to which a 
cable defined in the IEEE 1394 standard is connected, and a 
terminal to which at least one type of cable among an 
optical- fiber cable, a UTP cable and an STP cable is 
connected. 

According to a further aspect of the present invention, 
the foregoing object has been achieved through provision of 
a data communication method in which, when an interface 
adapted for a data-communication system having a variable 
data rate is used to perform data communication among a 
plurality of electronic apparatuses , a cable defined in the 
data-communication system is used, wherein, when a 
communication channel for performing the data communication 
using a multi-purpose cable different from the cable defined 
in the data-communication system is used, the data 
communication is performed using an arrangement of bits 



corresponding to the maximum data rate, and when the multi- 
purpose cable is used to perform the data communication at a 
low data rate, a bit region being not used to transfer data 
in a data packet to be transmitted is arranged on a data 
stream so as to be adapted for the plurality of data rates. 

According to a still further aspect of the present 
invention, the foregoing object has been achieved through 
provision of an integrated circuit formed in a physical 
layer based on an interface adapted for a data-communication 
system whose data rate is variable, wherein the integrated 
circuit includes: a terminal to which a cable defined in the 
data-communication system is connected; and a terminal to 
which a multi-purpose cable different from the cable defined 
in the data-communication system is connected. 

According to the present invention, the 1394 
communication and so forth are realized by using an optical- 
fiber cable, a UTP cable and an STP cable. Thus, the multi- 
purpose usability of the 13 94-communication interface and 
the like can be expanded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A to ID are charts showing examples of 
arrangements of symbols on data streams, according to the 
present invention . 

Figs . 2A to 2C are charts showing a method for 
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transmitting data rates when a 13 9 4 cable is used. 

Fig. 3 is a chart showing an embodiment of a method for 
transmitting a data rate according to the present invention. 

Fig. 4 is a chart showing examples of 4B/5B codes used 
in the present invention. 

Figs. 5A and 5B are charts showing a method for 
realizing a Tp bias when an 13 94 cable is used and an 
example of a method for realizing a Tp bias according to the 
present invention . 

Fig. 6 is a block diagram showing a physical- layer 
control LSI according to an embodiment of the present 
invention . 



Fig. 7 is a block diagram showing a physical-layer 
control LSI according to another embodiment of the present 



Fig. 8 is a block diagram showing a physical -layer 
control LSI according to a further embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described 
below with reference to the attached drawings. 

In the 13 94 communication there are defined 
communication data rates of S100 (98.304 Mbps) , S200 
(196.608 Mbps) and S400 (393.216 Mbps). At first, a method 



invention . 



for coping with the three speeds with an optical fiber and a 
UTP will be described. 

In Figs . 1A to ID are shown arrangements of symbols 
when a maximum data rate of S400 is used. Fig. 1A shows an 
arrangement of the symbols on a data stream. At a data rate 
of S100, only one symbol out of four symbols is used to 
perform communication as shown in Fig. IB. Two symbols are 
used at S200 as shown in Fig. 1C, and all the symbols are 
used at S400 as shown in Fig. ID. This manner enables 
communication at a quarter data rate and a half data rate. 
In addition, if communication at a speed equal to or more 
than S400 is newly defined in the future, the intervals of 
bits to be used are adjusted. In this case, nodes 
performing communication need to know each other's maximum 
data rate. Although the operating conditions of the symbols 
(in units of four bits) corresponding to the data rates are 
shown in Figs. 1A to ID, the symbols may be arranged in 
units of one bit, two bits, one byte (eight bits) or one 
word (sixteen bits) . 

This method can be applied to the data area of a 1394 
packet (being isochronous or asynchronous) shown in Fig. 3. 
In application, positions at which a transmitting end and a 
receiving end read symbols must be synchronized, which is 
executed by the following method. In other words, in the 
prefix area, control symbols "JK" are continuously 
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transmitted. Both communication nodes must know that each 
node will start reading the symbols just after the 
continuous output of the symbols JK (or after the designated 
number of the symbols) is interrupted. The unique 
arrangement of the symbol "JK" is effective in symbol 
synchronization. Accordingly, in this embodiment, 
separation for each set of five bits is easily recognized by 
the symbol " JK" . In Fig. 3 the Arb represents arbitration, 
and T represents a symbol W T" (end) . 

^Text, a method for transmitting data rates in the 1394 
communication will be described. As shown in Figs. 2A to 
2C, according to the 1394 cable, data rates of S100, S200 
and S400 are Niransmitted by setting the levels of TpB and 

TpB*, as bias signals which flow in the cable for 

transmitting the stVobe signal, to mutually different 
predetermined levels auring e.g., 100 to 120 nanoseconds. 

In addition, according to the 1394 communication using 
the optical- fiber cable, o\ the present invention, the UTP 
cable or the STP cable, the data rates are transmitted based 
on the number of times for sending the control symbols. 
Fig. 4 shows a table of symbols uXpd in the present 
invention. In the 1394 communication using the optical- 
fiber cable, the UTP cable or the STPNcable, data of the 
1394 communication is transmitted by 4BA5B codes. The 4B/5B 
codes are a coding method standard used iny digital data 
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:ommunication, and are also used in 100-Mbps Ethernet, FDD I 
ai\d so forth. Each symbol employed as a code has a 
different use depending on the communication method using 
the sVmbol. Differently from this one, there are many types 
of codisng methods, which will be described below. 

The\4B/5B codes have sixteen types of control symbols. 
The symbols n JK" is transmitted to the prefix area of a 1394 
packet, and\for example, the symbol "S" is used for 
notification \pf the data rate. At this time the data rate 
is transmitted\ based on the number of times for sending the 
symbol "S" to the prefix area of the 1394 packet. For 
instance, as shovm in Fig. 3, no sending of the symbol W S" 
means S100, the sending once means S200, and the sending 
twice means S400. Even if a faster data rate is added to 
the 13 94 standard in Vhe future, this method is capable of 
coping with such a cas4 by increasing the number of times 
for sending the symbol w Ng w . Instead of the recognition with 
the number of times for sending the symbol "S" , the case of 
sending another predetermined symbol, e.g., the symbol "R" 
may be recognized as S400 

Although the number of tPie symbols "JK" in the prefix 
region differs depending on eacV data rate, it is preferable 
to insert the symbol "S" used foA notification of the data 
rate in the first half as so as circumstances permit. This 
is because it is preferable that data-rate information be 
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recognized as eariy as possible. The symbol VK ff must be 
initially sent. TheNreason is that symbol synchronization 
needs to be performed asSdescribed above. 

The foregoing has described the 4B/5B codes by way of 
example. However, coding methods such as RMI (restricted 
mark inversion), CMI, AMI, mB/lC, mB/nB, 4B/3T, and 2B1Q 
codes, to which the present invention can be applied, are 
realized by similarly assigning the 1394 control signals to 
the control codes of each coding method. For example, 
according to an example of 8B/10B coding, a symbol "Data- 
Prefix" is used as a control symbol (corresponding to the 
"JK" ), and a symbol "Speed" is used as a transmission-rate 
communication symbol (corresponding to the U S"). The use of 
these is similar to that of the n JK" and the "S". 

In addition, as shown in Fig. 5A, there is the Tp bias 
signal in the 1394 communication, which is used to detect 
with a cable one node being connected to another node. In 

other words, by fixing TpA and TpA* as bias signals in a 

data-flow cable at high levels, the Tp bias is switched on. 
Also, as shown in Fig. 5B, in the optical-fiber, UTP or STP 
cable, by continuously sending a control symbol different 
from "Q", the Tp bias is switched on. When the symbol "Q" 
comes, the Tp bias is determined to be off. The W Q" 
represents a condition without a signal. For example, also 
a condition with a connector removed is equivalent to the 
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condition U Q" . 

Even when the Tp bias is off, maintaining connection to 
another node requires synchronization. In this case 
continuation of the symbol "Q" for a long period is 
disadvantageous in synchronization. Accordingly, the use of 
a control symbol with large signal change, e.g., w l" obtains 
an advantage of maintaining PLL stability. The phrase 
"large signal change" has the following meaning. 

An MLT-3 circuit 16 and an NRZI coding circuit 20 
(described below) change their output levels whenever bit 
w l" is input thereto. Since the symbol "I" is apparently 
"11111" as shown in Fig. 4, the level changes with respect 
to a total of five bits. Accordingly, such a condition is 
described as large signal change. Therefore, as described 
below, in the case of the optical fiber which is not 
affected by unnecessary radiation, the symbol W I" may be 
used. The symbol W I" is data which is sent when there is no 
data, and is used to mainly maintain synchronization. In 
reverse, when a cable which is easily affected by 
unnecessary radiation, such as the UTP or STP cable, a 
control symbol with small signal change is needed. 

In particular, in the case of the UTP or STP cable it 
is necessary that the unnecessary radiation be weakened when 
a control symbol with strong signal change, e.g., w l" is 
sent. Instead, when the symbol "1" needs to be sent, a 



control symbol with small signal change, e.g., W H" is sent 
for a response. The STP cable is less affected by the 
unnecessary radiation than the UTP cable since it is 
processed for shielding. However, it is preferable to use 
the symbol VX H" . As shown above, the control symbols W Q", 
"I" and W H" have respective characteristics, so it is ideal 
that they should be used to correspond to the type of cable. 
Nevertheless, when it is requested that control symbols 
common in any type of cable be used, proper selection is 
performed considering the characteristics and defects of 
each type of cable. 

Concerning a physical-layer-control large-scale 
integration (LSI) according to the present invention, three 
examples adapted for the UTP or STP cable, for the POF 
(plastic optical fiber) cable and for both of these types 
will be described below. 

£\physical-layer control LSI 1 shown in Fig. 6 is 
adapted fo^the UTP or STP cable. The physical -layer 
control LSI 1 3ss provided with a port 14 to which a socket 2 
of a 1394 cable 5\s connected, and a port 18 to which a 
connector 3 of a UTP ok STP cable (hereinafter referred to 
as "UTP/STP cable") is connected. The physical -layer 
control LSI 1 includes circuit's for performing the 1394 
standard process, and circuits f orvperf orming a process for 
the above-described UTP or STP transmission, which 
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correspond to the two ports 14 and 18. 

In the ^Dhysical- layer control LSI 1 there is provided a 
1394 physical -xsayer protocol logic 11. The 1394 physical- 
layer protocol logic 11 executes bus initializing, 
arbitration, and the\yarious processes described with 
reference to Figs. lA-rD to Figs. 5A and 5B. 

A DS coding circuit 12 for performing the DS coding of 
sending data and the DS coding of received data is connected 
to the 1394 physical -layer protocol logic 11, and an analog 
circuit 13 for performing the level adjustment of the 
sending or received signal and so forth is connected to the 
DS coding circuit 12 . The two circuits are ones for 
performing the 1394 standard process. The analog circuit 13 
is connected to the port 14, and the 1394 socket 2 is 
connected to the port 14 . 

An4B/5B conversion circuit 15 for performing the 4B/5B 
conversion\f the sending data and the 5B/4B conversion of 
the received daba is also connected to the 1394 physical- 
layer protocol logicNLl. An MLT-3 circuit 16 for performing 
the MLT (multilevel transmission) -3 coding of the sending 
data and the MLT-3 reverse com^ersion of the received data 
is connected to the 4B/5B conversl>qn circuit 15, and an 
analog circuit 17 for performing the adjustment of 
sending/received-signal level and so fortfk is connected 
thereto. The analog circuit 17 is connected to the port 18, 
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and the UTP/STP connector 3 is connected to the port 18 via 
an insulating transformer 4. The MLT-3 circuit 16 performs 
voltage- le\>^l conversion based on three-valued logic, and 
gives a level change when bit "1" is input. The physical- 
layer control LSI lN^ay consist of a single integrated 
circuit. However, a porbion shown by a dotted line in Fig. 
6 may consist of another inte^ated circuit. Practically, 
it is possible to built the insulabing transformer 4 into 
fehc UTP/STP co nnector 5 . 

A physical -layer control LSI 31 shown in Fig. 7 is 
adapted for the POF cable. The physical -layer control LSI 
31 is provided with a port 14 to which a socket 2 of a 1394 
cable 5 is connected, and a port 19 to which a connector 33 
(hereinafter referred to as a u POF connector") of a POF 
cable 7 is connected. The connector 33 also has an optical 
linking function, and specifically has optical /electronic 
and electronic /optical converters for conversion between 
optical information and electrical information. The 
physical-layer control LSI 31 includes circuits for 
performing the 1394 standard process, and circuits for 
performing a process for the above-described POF-cable 
transmission, which correspond to the two ports 14 and 19. 
In order to perform the POF-cable transmission, an NRZI 
(non-return to zero inverted on ones) coding circuit 20 is 
used instead of the MLT-3 circuit 16. The NRZI coding 
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circuit 20 is a two-valued logical circuit in which input of 
bit "1" performs inversion. 

A physical -layer control LSI 41 shown in Fig. 8 is 
adapted \pr the UTP or STP cable, and the POF cable. The 
physical -layer control LSI 41 is provided with a port 14 to 
which a socket 2 of a 1394 cable is connected, and a port 21 
to. which both tke UTP or STP cable and the POF cable are 
connected. The physical -layer control LSI 41 includes an 
MLT-3 circuit 16 used for connection to the UTP or STP 
cable, and an NRZI codling circuit 20 used for connection to 
the POF cable, and further includes a connector detector 22 
for connecting the type ofVonnector connected to the port 
21, and first and second switsches SW1 and SW2 which are 
controlled by the output of thk connector detector 22. When 
the UTP or STP cable is connected to the port 21, both the 
first and second switches SW1 and SW2 are switched to the 
MLT-3 circuit 16. When the POF cabla is connected to the 
port 21, both the first and second switches SW1 and SW2 are 
switched to the NRZI coding circuit 20. \ 

The physical -layer control LSIs 1, 3jS, and 41 according 
to the present invention have the foregoing \structures . 
Thus, when the 13 94 socket 2 is connected to 6he port 14, 
the ON condition of the bias signal is transmitted by fixing 
TpA and TpA* at the high level as shown in Fig. SA^ and the 

data rate is transmitted based on the levels of TpB Vnd TpB* 
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as shown in^'K^s. 2A to 2C. 

In addition, when the UTP/STP connector 3 is connected 
to the port 18, when the POF connector 33 is connected to 
the port 19, and when the UTP/STP connector 3 or the POF 
connector 33 is connected to the port 21, the ON condition 
of the bias signal is transmitted by sending the symbol 
different from the symbol "Q" as shown in Fig. 5B, and the 
data rate is transmitted based on the number of the symbols 
"S" to be sent in the prefix area of the 1394 packet as 
shown in Fig. 3. 

Practically, there are a data line and a strobe line 
between the 1394 physical -layer protocol logic 11 and the DS 
coding circuit 12, and there are a data line and a control 
line between the 13 94 physical- layer protocol logic 11 and 
the 4B/5B conversion circuit 15. The above-described JK, S, 
R and so forth are sent by the control line, using the 
Prefix region shown in Fig. 3, and the Q, I, H and so forth 
are sent by the control line, using the idle region shown in 
Fig. 3. The data is sent by the data line as shown in Figs. 
1A to ID, using the Data region shown in Fig. 3. Symbol w 0" 
is sent as the "symbol (bit) being not used" shown in Figs. 
1A to ID. The "symbol (bit) being not used" means that the 
symbol (bit) is not used in data transfer, in other words, 
it is not used as data to be transferred in the data region 
of the packet shown in Fig. 3. However, for other different 
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uses, for example, the symbol (bit) can be used to send the 
control data. 

Normally, in the IEEE 1394 the data- transmission rate, 
which changes momentarily, is dynamically changed using the 
JK and S. Accordingly, a time for sending symbols differs 
in accordance with each data rate. In addition, when 
sending or reception using the multi-purpose cable is 
performed, only blank portions are input under the influence 
of the rate as shown in Figs. 1A to ID. Therefore, a bit 
arrangement adapted for the maximum rate needs to be 
considered. 



